Despite recent progress extending access to drinking water supplies globally, ensuring long-term functionality of rural water infrastructure remains challenging. Past research on rural water project outcomes has used two principal approaches: large-N statistical studies estimating average effect sizes, or case studies providing causal description. Notably lacking is a rigorous comparative analysis of conditions determining sustained service delivery. We use fuzzy-set qualitative comparative analysis (fsQCA) to identify causal conditions ("pathways") leading to sustained functionality of rural water supplies across diverse geographies. Twenty cases were selected through a review of the literature. We identified and coded five conditions to examine their influence on project outcomes for each case. Results reveal three distinct pathways sufficient for achieving sustained functionality: Pathway 1 features piped networks with professionalized, service-oriented management and post-construction support. Pathway 2 features a self-supply approach (e.g., private wells and small piped schemes) delivering water services on premises. Pathway 3 describes community-managed water points (e.g., deep boreholes with handpumps) in the context of freshwater scarcity. Two conditions were common across all pathways: good financial management and user participation in project decisions. Strong management, combined with sufficient financial and technical resources, moderates the influence of physical water availability on service sustainability.
Introduction
Domestic water supply projects in rural communities have constituted one of the main forms of global development in recent decades. Much progress has been made in recent years extending rural water services to unserved communities worldwide (WHO/ UNICEF Joint Monitoring Programme, 2015) . Yet as the sector enters the Sustainable Development Goal (SDG) 2 era, with SDG 6 aiming to extend access to safe drinking water and adequate sanitation to all by 2030, water professionals would benefit from taking stock of the successes and failures of past decades. Currently 884 million people worldwide still lack access to basic drinking water services (World Health Organization, 2017) . The vast majority of the unserved live in rural areas of the least developed nations, where most fetch water at some distance from their homes. Even among water points qualifying as "improved" per global metrics, a substantial share do not deliver water that is safe for drinking (Onda et al., 2012) . Accordingly, SDG Target 6.1 specifically prioritizes universal and equitable access to safe and affordable drinking water for all (United Nations, 2016) .
Achieving universal access to safe drinking water requires an understanding of the conditions that enable sustained functionality of rural water infrastructure. Previous research has identified key correlates of sustained functionality, including a demandresponsive approach to project planning and implementation (Narayan, 1995; Whittington et al., 2009 Whittington et al., , 1998 , financial models based on efficient and equitable use of resources (Briscoe and Garn, 1995) , targeted forms of community participation (Marks et al., 2013; Marks and Davis, 2012) , dynamic and responsive management practices (Fisher et al., 2015; Montgomery et al., 2009 ), postconstruction support (Davis et al., 2008; Kayser et al., 2014) , and advancements in water lifting technologies (Mann, 2003) . These social, financial and technical elements are interconnected (Walters and Javernick-Will, 2015) and vary by country and program context (Foster, 2013) , suggesting that rural water supply sustainability likely arises from combinations of conditions (or "pathways") ( Fig. 1) .
To date, however, no study has systematically identified and compared such pathways across a global set of cases examining functionality outcomes for rural water projects. Instead, researchers who have previously investigated the determinants of water infrastructure functionality have tended to pursue two principal analytical strategies. The first is multivariate statistical modeling, in which the contribution of a hypothesized causal factor or interaction term on the outcome is estimated, holding all else constant. This variable-driven approach typically relies on large sample sizes and prioritizes quantifying average effect sizes. The second strategy is the in-depth case study, which seeks to investigate specific cause-and-effect relationships within a given geographic and socio-cultural context. Findings are typically presented in the form of rich qualitative description.
Qualitative comparative analysis (QCA) is an established analytical technique that combines the strengths of both qualitative and quantitative methods by applying principles of logical comparison across a limited number of cases (typically on the order of 10e25). The cases represent combinations of causal conditions from which it is then possible to identify one or more pathways explaining a particular outcome (Rihoux and Ragin, 2008) . As a research design option QCA thus opens the possibility for conjunctural causation and equifinality. Conjunctural causation refers to conditions in combination (rather than individually) giving rise to a particular outcome. Equifinality refers to a single outcome arising from more than one causal pathway.
QCA methods have been applied in a variety of fields, including political economy (Portes and Smith, 2010) , construction engineering (Gross et al., 2001) , sociology and economics (Jordan et al., 2011) . QCA is increasingly being applied to water-related questions, such as freshwater scarcity (Srinivasan et al., 2012) , water recycling (Kunz et al., 2015) , transboundary management regimes (Schlager and Heikkila, 2009) , and sustainable uptake of infrastructure (Kaminsky and Javernick-Will, 2014; Schaffer-Boudet et al., 2011) . Gasparro and Walters (2017) examined service outcomes for water well projects implemented in developing countries with the assistance of an external organization (Gasparro and Walters, 2017) . However, to our knowledge no study has employed QCA to evaluate functionality outcomes among a range of water infrastructure designs across developing and industrialized countries. This method is particularly well-suited for such an investigation, since the variety of geographic and cultural contexts in which water programs operate makes a single causal explanation unlikely.
The current study uses data from 20 program case studies across 16 countries to develop and apply a standardized measure of water system functionality. We use a QCA variate known as fuzzy-set qualitative comparative analysis (fsQCA) to identify the combinations of causal conditions associated with successful long-term system functioning. The paper concludes with a summary of the main findings and their relevance for rural water supply planning and policy, with particular reference to the SDG initiative.
Research methods

Fuzzy-set qualitative comparative analysis (fsQCA)
fsQCA applies fuzzy-set logic by permitting continuous scores along the interval from full non-membership (0) to full membership (1) in a set of cases that share a hypothesized causal condition. Thus, fsQCA is particularly suitable for achieving both the generalizability of large-N variable-driven investigations while also accommodating case-specific details. Once set membership is defined and scores assigned, each case represents a combination of causal conditions either producing or not producing the outcome of interest. Cases are then situated within a "truth table" representing all observed combinations of causal conditions and outcomes. Finally, through the application of fuzzy set logic, cases producing the outcome but differing by only one condition are systematically reduced to a simplified expression that eliminates the irrelevant condition. Through this stepwise process, conditions are compared across cases, redundant conditions are eliminated, and a parsimonious set of pathways is revealed.
Sustainability outcome
The starting point for fsQCA is defining the outcome of interest, which informs subsequent case selection (Kaminsky and Jordan, 2017) . Rural water program operational status was defined as the extent to which water systems were functioning and water services were available to community members at the time of the study. This definition is adapted from Carter et al. (1999) : community water supply is sustainable if it continues to work and be used over time (Carter et al., 1999) . Some argue that composite measures better approximate the multi-dimensional aspects of water supply functionality over time (Bhandari et al., 2005; Kleemeier, 2000; Marks et al., 2013) or that functionality is a dynamic state between regular breakdowns and repairs (Fisher et al., 2015) . In this study we adopt the pragmatic definition of "sustained functionality and use" due to its measurement feasibility and usefulness for approximating various elements of sustainability.
Case selection
A central aim of fsQCA is to uncover the richest possible combinations of conditions leading to a particular outcome (Ragin, 2008a, b) . To accomplish this end, cases are purposefully identified to maximize variation in outcome and causal condition values (Kaminsky and Jordan, 2017) . Eligible cases for the present study were first gathered through a review of the academic and grey literature. The review consisted of four steps: 1) initial key word search of scientific and development organization databases, 2) removal of duplicate articles, 3) title and abstract scan for relevance, and 4) in-depth review of article details. Articles were limited to those written in English. No restrictions were placed on study design, location, or year of publication. See Supplementary Material for details on the databases searched and key word combinations used.
The literature search was conducted in 2014 and uncovered 8520 articles, of which 6876 were found to be unique titles (1644 duplicates removed). The research team scanned titles for relevance and removed articles that were not focused on drinking water supplies in rural areas, yielding a collection of 1522 articles. Next, the pool was narrowed to 159 articles that mentioned functionality status of the infrastructure and the associated social, financial and technical causal conditions in the abstract. The research team then obtained copies of each article and further narrowed the pool to 77 that documented the outcome of interest and causal conditions in enough detail to be amenable to interval scale coding.
From the collection of 77 relevant and well-documented studies, the research team purposively selected 20 cases for analysis (a suitable sample size for fsQCA) ( Table 1) . Whereas the literature review was conducted systematically, case selection was purposeful so that the final set of cases would exhibit the greatest possible variety of outcomes and causal conditions within the boundaries of the conceptual diagram shown in Fig. 1 (also see Kaminsky and Jordan (2017) for justification of conscious selection for non-probabilistic methods). Final selection required at least one year to have passed between the completion of water system construction and evaluation of system functionality. In this way, case selection maximized the range of operational outcomes and contextual factors (e.g., diverse geographic locations, cultural context, climatic patterns, financial and institutional arrangements, and technological complexity) (Kaminsky and Jordan, 2017) . Additional references were obtained to augment data availability for the 20 cases, for a total of 31 articles (Fig. 2) . All articles were published between 1975 and 2014 and include a range of water supply technologies across 16 countries and 6 continents (see Fig. S1 in Supplementary Material).
Calibration
The data used to code the outcome measure consisted of statistical and qualitative descriptions of system functionality and consistency of use. These data were converted to fuzzy-set scores by coding each case according to the metric shown in Table 2 . Scores were assigned using the indirect method of calibration; cases were initially sorted into different levels of set membership, the coding rubric was adjusted to be relevant to case details, and scores were then iteratively refined (Kaminsky and Jordan, 2017; Ragin, 2007) . A value of 1 was assigned to cases showing full membership (fully functional/consistently used), 0 was assigned for full non-membership (fully non-functional/not used), and scores of 0.67 and 0.33 were assigned for partial membership. Two members of the research team undertook the coding procedure independently. The coding rubric was further clarified using inter-rater reliability tests of inconsistencies in the two researchers' interpretation of case details (Ragin, 2008a, b) . (Madrigal et al., 2011 (Madrigal et al., , 2010 Costa Rica Piped networks 771,300 people 15e28 11 (Manikutty, 1998 (Manikutty, , 1997 India Piped networks 10,843 people >2 12 (Marks et al., 2013; Marks and Davis, 2012) Kenya Piped networks 220,761 people 1e64 13 (Mann, 2003) Mozambique Boreholes with handpumps 12,500 people 6 14 (Mazango and Munjeri, 2009 (Prokopy, 2005 (Prokopy, , 2004 India Boreholes with handpumps 1000 villages 1 17 (Prokopy et al., 2008; Whittington et al., 2009) Peru Piped networks 9504 households 4e8 18 (Singh et al., 1993) India Piped networks No data >3 19 (Therkildsen, 1988 
Causal conditions
Whereas the outcome measure was defined a priori, each causal condition emerged a posteriori using a grounded approach to variable identification (Glaser and Strauss, 2009 ). Central to this approach is viewing each case holistically and recognizing that it has been interpreted through the study authors' lens. Case details were documented in Excel, examined for common themes within the social, financial and technical categories shown in Fig. 1 , and iteratively organized into 11 distinct causal conditions. Causal conditions were then grouped as pertaining primarily to community, program, or external features.
Community conditions describe relevant skills and capacity of the communities being served by the program.
1 Skills capacity (CAP) is defined as the extent to which communities are able to manage and solve problems related to their water supply. A series of case studies concluded that communities possessing internal technical and management skills were better able to solve problems with their water systems, whereas less capable communities struggled to ensure reliable services (Schouten and Moriarty, 2003) . 2 Financial management and accountability (FINMGT) measures the degree of cost recovery achieved through water user fees, and the extent to which mechanisms exist promoting communication between the water committee and users. A composite measure of water committee transparency in India was strongly associated with the financial health and other performance indicators among 45 water supply schemes (Prokopy, 2005) . a "Functional" is defined as the share of water points operating as intended at the time of the study, with "fully" corresponding to >90% and "most" corresponding to 55e89% of taps working (or not working). b "Being used" is defined as the consistency of use of water services as reported by users, drawing on service attributes such as satisfaction with, affordability of, and reliability of the hours of operation of the service.
3 Social capital (SOCIAL) describes the extent that community members trust each other and cooperate to avoid water-related conflicts. A study of 132 community-operated infrastructure projects in Pakistan showed that project outcomes were worse among communities with low social capital, especially when exacerbated by highly complex project designs or inequitable distribution of benefits (Khwaja, 2009 ).
Program conditions relate to rules and activities delivered through the water supply program.
4 Demand responsive planning (DRA) measures the degree to which users' felt needs and preferences for a new water supply were considered during the planning process. Past studies have linked demand responsive planning with improved outcomes for rural water supply projects (Garn, 1997; Sara and Katz, 1998) . 5 Participation (PART) measures how much community members were meaningfully involved in planning, implementation, or management of the water project. Community participation has been linked with better outcomes in a study of 121 donorfunded water supply projects globally (Isham et al., 1995; Narayan, 1995) . 6 Training (TRAIN) measures the amount of training community members received through the program in skills related to water system operation, management, and repairs. In a series of case studies of rural water projects across six countries, inadequate training was identified as a cause of eventual water system deterioration (Schouten and Moriarty, 2003) . 7 Gender sensitivity (GENDER) assesses the degree of women's involvement in the planning, implementation, and management of the water project. A past study found that women's engagement in planning and management led to improved project outcomes (Gross et al., 2001 ). 8 Level of service delivered (LOS) includes two aspects of water supply delivery: whether the system is designed to provide continuous service (i.e., no limit on the hours of use) and the proximity of the water point to the household plot. On the higher end of the scoring scale is piped water on premises intended for continuous use. On the lower end are nonnetworked water points located some distance from the home with limited hours of operation. Past investigations of the relationship between level of service and system functionality have shown mixed results. Water users may be willing to pay more for piped water on premises (Hoque et al., 2004 ), yet functionality may be compromised due to more frequent technical challenges for large or complex schemes (Kleemeier, 2000) .
External conditions describe the context within which the water supply program operates at the regional or national scale.
9 Institutional setting (INST) measures the existence of water sector governance institutions at regional and national levels, and the extent to which these agencies are performing their stated functions. Whereas several indices of overall national governance strength are available, we are not aware of such a metric for the rural water sector. Institutional strength, as measured by the existence, stability, and enforcement of formal rules, is increasingly being applied in comparative research (Levitsky and Murillo, 2009 ). 10 Post-construction support (PCS) measures the extent to which communities have technical and administrative support for solving problems with the operation and management of their water supply. Such support exists in many forms, including visits by program staff and repair services offered through the private sector. Availability of post-construction support is linked to better water system functionality over the long-term (Nauges and Whittington, 2009; Schouten and Moriarty, 2003) , especially for management-oriented issues (Davis et al., 2008) . 11 Freshwater availability (AVAIL) refers to the extent that freshwater sources are available locally. This measure draws on case study description of the alternative water sources available within project communities, as well as a nationallevel index of water poverty (Sullivan, 2002) . The theoretical and empirical literature suggests a complex relationship between freshwater availability and project outcomes. On one hand, the existence of lower-cost alternative sources may lead to inconsistent use of the main system, thereby threatening its viability (Schouten and Moriarty, 2003) . On the other hand, extreme water scarcity can lead to technical challenges for the system, conflicts, and a lack of cooperation among users (Araral, 2009 ).
With the exception of the water poverty index, no widely accepted pre-defined scale was identified for any of the causal conditions. Calibration and coding of each causal condition followed the same procedure as for the sustainability outcome described above. Only five conditions met our inclusion criteria for use in fsQCA. The remaining conditions were excluded due to limited variation, excessive missing data (i.e., more than five cases without values), or a strong correlation with another condition (Table 3) . Table S1 provides detailed scoring metrics for all causal conditions.
Fuzzy-set qualitative comparative analysis
Analyses of necessary and sufficient conditions were conducted using the fs/QCA software (version 2.5) developed by Charles Ragin and Sean Davey (University of Arizona). Necessary conditions are those that are nearly always present when the outcome occurs, but may be insufficient on their own to produce the outcome. Identification of necessary conditions depends on two "goodness of fit" measurements: consistency and coverage. Consistency measures how often a causal condition (or combination of conditions) is observed when the outcome occurs. Coverage measures how often a condition (or combination of conditions) is absent when the outcome does not occur. As recommended in the QCA literature, score thresholds for inclusion were 0.90 and 0.30 for necessity consistency and coverage, respectively (Ragin, 2008a, b) .
Sufficiency analysis began with construction of a truth table from the fuzzy set scores for the five conditions meeting our inclusion criteria. A truth table contains a row for every causal configuration observed. Following iterative elimination of redundant conditions, sufficiency consistency was calculated to evaluate the extent to which remaining pathways are sufficient for achieving the outcome. Sufficiency coverage describes the empirical relevance of each configuration for achieving the outcome. Per recommendations in the QCA literature, pathway analysis specified a sufficiency consistency threshold of 0.80 and output based on the intermediate solution (Ragin, 2008a, b) . The intermediate solution requires that the researcher input into the software the assumed direction of influence of each condition on the outcome. We assumed a positive direction of influence for each condition, based on case details and broader theory of rural water supply outcomes. Table 4 reports the fuzzy set membership scores of each case for the sustainability outcome and the five causal conditions meeting inclusion criteria for fsQCA. In total, 6 of the 20 cases had fully functional and consistently used water supplies (score ¼ 1). Eight had most but not all water supplies functional and used (score ¼ 0.67); 3 had most but not all water supplies non-functional and unused (score ¼ 0.33); and 3 had fully non-functional and unused water supplies (score ¼ 0) (Fig. S1) . Table 5 reports results of our necessity analysis. No condition met or exceeded the consistency score threshold of 0.90, indicating that none was common enough across the 20 cases to be considered essential for achieving sustained functionality and use. As a robustness test we also examined the necessity of each condition for achieving the negation of the outcome (lack of sustainability), with no paradoxical results (Table S2) .
Results and discussion
Sufficiency analysis revealed three causal pathways leading to sustained functionality and use, with an overall solution consistency score of 0.92 and coverage score of 0.65 (Fig. 3) . Common to all pathways shown in Fig. 3 were two causal conditions: good financial management and high levels of community participation. Counterfactual cases include Case 11 from India where 74% of community taps were functioning despite poor financial management and a total lack of user participation; and Case 6 from Bangladesh where water points had largely been abandoned after four years despite good financial management and high levels of participation. In India, this counter-intuitive finding could be explained by the fact that water systems were among the youngest examined in the our sample of cases and perhaps had not yet encountered significant challenges. In Bangladesh, the authors attributed the project's failure to low demand responsiveness, since only half of water users requesting household taps actually received one.
Pathway 1 additionally includes both a high level of service and high level of post-construction support. This pathway explains cases from Nicaragua, Bolivia, Canada, Costa Rica, Ghana, and Peru. Pathway 2, which explains cases from Bangladesh and Ireland, also includes a high level of service; in addition, it includes abundant freshwater availability. Finally, Pathway 3, which explains cases from Mozambique and India, features a low level of service, minimal post-construction support, and low freshwater availability. Sufficiency consistency scores for each pathway exceed the threshold of 0.80, indicating that they are considered sufficient for achieving sustained functionality among the cases examined.
Closer examination of case details reveals that each pathway represents a distinct water service delivery model. Cases in Pathway 1 all provided piped water supply on premises, with emphasis on a professionalized, service-oriented approach, centralized management, and support through the postconstruction period. Community participation took the form of users controlling multiple project-related decisions, including defining the level of service received (with capital cost contributions to match), setting the tariff structure, selecting water committee members, and determining the hours of system operation (if not continous as in the Canada case). Financial management under a professionalized approach often included metered billing, formal reporting to water users, and payment of managing staff. For example, the OATS Project in Ghana explained: "Payment of a modest remuneration was agreed upon to avoid the temptation to dip their hands into the coffers of the water system. An additional motive was to provide the leaders with some motivation to offer adequate management services since execution of various tasks associated with the water system was quite demanding in terms of time and effort …"(Opare, 2011) (additional case details provided as Supplementary Material).
Cases in Pathway 2 undertook a self-supply strategy, whereby water servicesddelivered through boreholes equipped with handpumps (Bangladesh) or small piped schemes (Ireland)dwere available on household premises and financed and managed in full or primarily by the water users themselves (Sutton, 2009) . In Ireland, volunteer committees composed mostly of men managed the schemes based on mixed tariff structures and flexible reporting arrangements. In Bangladesh, by contrast, women were heavily involved in management activities, including monthly fee collection and ongoing maintenance. The Bangladesh program also benefited from a thriving private sector characterized by local entrepreneurship and established supply chains for handpump spare parts: "The good state of maintenance of the WSH provisions and their continued high level of use confirm that the users invested their money in maintaining these provisions after support for the project ended … The continued availability of spare parts for handpumps in [Bangladesh] probably also supported their maintenance" (Hoque et al., 1996) . Hence, a programmatic approach to ensuring post-construction support in this context was not necessary.
Pathway 3 explains functionality outcomes for programs in India and Mozambique that installed community boreholes equipped with handpumps. Despite low availability of post-construction support, the majority of schemes were functioning and being used 1e6 years after installation. This could be explained by both programs being situated in highly water scarce areas, where a community water point offered a desirable alternative to walking long distances to other sources. It is also plausible that for a waterscarce area, deep boreholes are less vulnerable to seasonal shortages as compared to traditional wells.
Both cases in Pathway 3 followed a community-managed approach to project planning and implementation that emphasized heavy involvement of water users: "Oxfam Australia found that sustainability [of handpumps in Mozambique] is strengthened by community involvement in all aspects of the process. This includes site selection, agreement on the amount and mechanism for collecting contributions to pay for spare parts, and periodic training of a large number of both men and women in the maintenance and repair of the hand pumps …" (Mann, 2003) . Communities were also required to make up-front contributions toward capital costs and to cover 100% of ongoing operation and maintenance through user fees. At the same time, communities had little control over the choice of technology or service level, which in turn narrowed the choice set of management and tariff structures.
In depth comparisons of case details therefore revealed nuances in how participation and financial management played out across each pathway. Pathway 1 engaged water users in project decisions Fig. 3 . Causal pathways leading to sustainable rural water supplies. Notations within the algebraic expressions include "*", which signifies "AND", and "þ", which signifies "OR". Non-membership to a condition is indicated by "~". The pathway number is shown above each arrow. Case numbers are provided in parentheses following each country.
for the purpose of designing a level of service that matched their needs and ability to pay. By contrast, participation levels and financial management approaches in the self-supply scenario were motivated by individual ownership and responsibility for one's own water point. In the community managed scenario, project teams required participation as a means to identify communities most willing to pay for and maintain the infrastructure.
Study limitations
As described earlier, functionality and use of rural water are not static conditions, as might be suggested by our outcome measure, but rather a dynamic and interdependent set of conditions that interact to produce functional water services over the long term. Our analysis used published case studies as its data source, and is therefore prone to the positivist fallacy that absence of evidence of a particular causal condition is evidence of its absence. In other words, we assume if the authors of our case studies did not mention certain conditions then these conditions did not play a role in influencing program outcomes. We were forced to exclude some hypothesized causal conditions from our analysis due to data limitations, and it is possible that the authors of the sampled cases have not thoroughly reported their results. It is also important to note that in interpreting the output of qualitative comparative analysis, the absence of a particular condition from a pathway leading to the positive outcome does not necessarily mean that in the presence of that condition the negative outcome is achieved. Future research should replicate this study using a different set of case studies, as well as conduct a separate analysis of the conditions explaining poor functionality of water systems.
Our sampling strategy and analytical approach were chosen to enable identification of multiple causal pathways leading to sustained functionality and use of rural water supplies globally. Qualitative comparative analyses such as ours are not intended to generate results that can be generalized to a population beyond the cases investigated. At the same time, we believe the pathways identified here are consistent withdand add nuance todthe broader rural water supply literature.
Conclusions and recommendations
The findings of this study contribute to ongoing policy discussions regarding how long-term functionality of rural water supplies can be achieved. For piped systems (Pathway 1), some degree of programmatic support through the post-construction period was necessary. It is important to note, however, that the type and intensity of post-construction support provided varied widely across the cases. In Bolivia, for example, communities reported receiving support less than once per year on average, indicating that they were able to resolve the vast majority of their service delivery challenges without external help. In Bangladesh, by contrast, households within a self-supply handpump scenario were able to fulfill ongoing maintenance needs using parts available from local shops. Whereas it seems intuitive that communities with comparatively complex and costly piped systems need programmatic backstopping, our findings suggest that policies regarding effective post-construction support need not necessarily require substantial resources.
Given the fact that piped water systems are associated with considerably greater per-capita water use as compared to point sources, it is also notable that abundant freshwater availability did not emerge as a causal condition for long-term functionality among Pathway 1 cases. Half of the cases in this set faced seasonal or yearround supply constraints and nevertheless supplied high quality services to users. It is encouraging that strong management structures, combined with sufficient financial and technical resources, may moderate the influence of physical water availability on service sustainability. These insights suggest that when faced with water scarcity, rural water programs and policies must carefully consider the role of the institutional enabling environment.
Freshwater availability does appear as an essential factor in Pathways 2 and 3, but has different associations with functionality outcomes across the two sets of cases. The self-supply programs in Ireland and Bangladesh (Pathway 2) were implemented in settings with abundant water resources. By contrast, Pathway 3 cases feature a lack of available freshwater. These programs provided a low level of water supply service in the form of shared point sources such as boreholes with handpumps. This type of water source is commonly associated with high rates of failure in the rural water supply literature (Rural Water Supply Network, 2009 ). Our findings suggest that such outcomes are critically shaped by the availability of alternative water sources. In water-scarce areas, a community borehole providing year-round supply could represent a vast improvement over traditional sources, thus incentivizing users to do what is necessary to keep it functioning. It is therefore critical for rural water programs in this context to adopt demand responsive planning approaches that will effectively target those communities most willing and able to manage a community water point.
SDG 6.1 challenges development professionals to achieve universal and equitable access to safe and affordable drinking water for all by 2030. At the heart of this effort is the need for water systems that continue to work over time. This study is the first to make use of a qualitative comparative analytical method to identify pathways leading to sustained functionality and use across both industrialized and developing countries. It provides novel insights regarding the conditions under which common typologies of management for rural water supply infrastructure are more likely to achieve sustainable outcomes. The coding metrics developed can be tested and refined in future investigations of rural water infrastructure, offering an important contribution to standardizing indicators of water supply sustainability. Future research could also elaborate the pathways and causal conditions identified by replicating this analytical approach for cases in contexts not included here, especially high-income countries with low freshwater availability.
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